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Some laboratory experiments have suggested that power-frequency electric and magnetic fields (EMF) may be capable of influencing calcium efflux
from cell membranes, pineal function, and circadian rhythms. As yet, however, no consistent, replicable laboratory model has been developed for
any of these effects. Most assessments of human volunteers exposed to EMF have been negative, but occasional effects on vigilance or alertness
and some modest effects on circadian rhythmicity have been reported. Several carefully performed studies of workers occupationally exposed to
high electric-field strengths have failed to find effects on behavior or cognitive functioning. Although the bulk of human research on the effects of
EMF on cognitive performance is negative, there has been less assessment of behavior and psychiatric symptomatology. Because some studies, in
both humans and animals, have described effects of EMF on circadian rhythms, future research might concentrate profitably on the assessment of
EMF in relation to depression and other cyclically mediated psychiatric disorders. - Environ Health Perspect 101(Suppl 4):101-106 (1993).
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Introduction
Assessment ofthe relationship between expo-
sure to electromagnetic fields (EMF) and
behavior and cognition in humans and ani-
mals is especially difficult. Three method-
ologic problems stand out. The first, which
applies for the most part to animal studies, is
that laboratory EMF exposure is not easily
separated from concomitant exposures, such
as noise, vibration, hair stimulation, and
even mild electric shocks. When the out-
come of interest is cancer or birth defects,
these secondary exposures are unlikely to be
confounding; but when changes in motor
activity or circadian rhythm are found, or
animals appear averse to an exposedlocation,
the role of these other potentially noxious
stimuli must beconsidered.
The second difficulty, a feature of both
animal and human studies, is the subjective
and transient nature ofmanybehavioral and
cognitive measures. Although mismeasure-
ment can occurwith any human health out-
come, the condition most studied in relation
to EMF, cancer, has the virtue of being
based, in most cases, on tissue diagnosis.
Characteristics ofbehavioral and cognitive
measures, however, are their dependence on
the specific conditions under which they are
obtained, the cooperativeness ofthe subject,
and the skills ofthe examiner.
The third difficulty, specific to human
studies, is that many measures ofcognition
and behavior are correlated powerfully with
socioeconomic status and educational back-
ground. Teasing out the impact of these
factors can prove a challenge to investigators.
These concerns should be kept in mind as
one reviews thespecific studies below.
A remarkable amount ofthe research in
thisfieldisnotfoundinthepeer-reviewedliter-
ature but in the formofreports to govemment
agencies. Notonly does this make retrieval of
the findings difficult, but it indicates that
many ofthe results described may not have
beensubjectedtoadequatepeerreview.
SuggestionsfromtheLaboratory
Awidevarietyofexperiments has been per-
formed to investigate the effects ofEMF on
several cellular, subcellular, and whole ani-
mal preparations. Major differences in
experimental set-up, in frequency and
intensity of EMF exposure, and in choice
ofend points characterize the literature as a
whole. Although many findings have been
reported, the vast majority have not been
replicated consistently, partly because of
the heterogeneity ofthe experimental models
currently in use. So far, no single experi-
mental model can be pointed to as a con-
sistent biological marker ofEMF exposure.
In searching for clues for the more effective
framing of epidemiological research, this
paper concentrates on those laboratory find-
ings that have been at least partly replicated
in more than one laboratory.
Calaum Efflux
Among the few replicated laboratory findings
in this field is the effect of60-Hz electric-field
exposure on the efflux ofcalcium across brain
tissuecellmembranes (1-4). Because calcium
efflux serves as a messenger ofelectrochemical
signals in the brain, it could be the basis for
effects ofEMF on behavior in the whole ani-
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mal, although it is uncertain precisely what
dysfunction would be predicted by this bio-
chemical disturbance. Lovely has suggested a
possibleeffectonmemoryskills (5).
Although the calcium efflux effect has
been replicated, its direction has not. Bawin
et al. found, in chick brain tissue, that cal-
cium efflux decreased with EMF exposure
(1), but Blackman et al. found, in the same
preparation, an increase (2,3). Another sur-
prising finding was an absence ofgradient of
risk with gradient of exposure; rather, only
specificcombinations offrequencyand inten-
sityproducedtheeffectsdescribed. Moreover,
these effectwindows were not identical in the
two sets ofexperiments. For Bawin et al.,
effects were seen at 10 V/m with frequencies
of6and 16 Hz; forBlackman etal., an inten-
sitywindow at 60 Hzwas found for 35 to 43
V/m. Inasmuch as these precise effect win-
dows were not hypothesized prior to the
experiment, one cannot rule out the role of
chance in theirspecification.
Blackman, in replicatedexperiments, also
found that the calcium efflux effect induced
by EMF exposure was sensitive to prenatal
(egg) exposure to 50- and 60-Hz fields at a
varietyofintensities (6). Gunderson, work-
ing with chick spinal cord (as contrasted to
chick brain), failed to find effects of EMF
exposure on calcium efflux (4).
Pineal Function andCi ;ian
Rhythms
Two studies have noted depression in
nighttime melatonin production in rats
(7,8). Related changes seen in single
investigations include period shifts in nor-
epinephrine, serotonin, and dopamine secre-
tion (9), and reductions in cerebrospinal
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fluid and 5-hydroxyindole acetic acid with-
out period shifts (10). These studies,
which point to EMF effects on the pineal
gland or the suprachiasmatic nucleus, are
paralleled by laboratory findings of the
effectofEMF exposure oncircadianrhydtms.
Dowse and Palmer (11) and Ehret (12)
were able to show either entrainment of
mice, phase delays, orother changes in meta-
bolic rhythms with electric-field exposure.
The Ehret studies used very high field
strength (130 kV/m), which may limit the
importance of their findings. The Dowse
and Palmer studies are among those that
have been criticized for lack ofsingularity of
the experimental exposure; Roberts (13) has
argued that noise and corona discharges
might account forthe findings. Dowse (14)
later showed phase changes in the locomotor
activityofdrosophila. Ehret and co-workers'
success in entraining mice rhythms was not
paralleled by their experiments in rats
(15,16), whose body temperature, activity,
and food intake cycles were not affected by
exposures of4.5 to 55 kV/m at 60 Hz.
Sulzman and Murrish (17) showed
some effects on the circadian rhythmicity of
food intake and oxygen consumption in
squirrel monkeys with fairly high exposures
(26-39 kV/m), but not all exposed animals
showed the effect. The circadian cycle of
fingal sporefoirmation, however, seemsunper-
turbedbymagneticfieldsashighas32 G (18).
Although not a study of rhythmicity,
the work ofThomas et al. (19) has impli-
cations for human cyclical disorders, such
as bipolar depression. Four of five rats
exposed to a combined 60-Hz magnetic
field and magnetostatic field of 26 gT
showed consistent, large increases in their
responses to a differential reinforcement of
low rate schedule in which a food pellet
resulted only ifthe rat pressed a lever twice
18 to 24 sec apart. Because the exposure cor-
responded to the cydotron resonance condi-
tion for lithium ions, the authors speculated
that the effect might be related to efflux of
lithium ions in brain cells, paralleling the
changes that might be occurring with lithium
carbonate treatmentofbipolardisorders.
Human Studies
Three kinds ofinvestigations in humans have
been reported: a) neurobehavioral testing or
assessment ofexperimentally exposed volun-
teers, b) assessments of occupationally
exposed workers, c) correlational studies of
EMF residential exposurewithsuicide.
NeurobehavioralEfets inVolunteer
Human volunteers exposed to EMF have
been studied for changes in circadian
rhythmicity, verbal reasoning, attention
skills, mood, and perception ofelectric fields.
The literature is modest, and several reports
are not in the peer-reviewed press [e.g.,
Johansson et al. (29) and Rupilius (30)-
cited by Stollery (20), also Sander et al. (21),
Fotopoulos et al. (22), and Graham et al.
(23-25)-citedin Gamberaleetal. (26), and
Roberge (35), and Stopps andJanischewskyj
(36)-cited in Broadbentetal. (33)].
Several of the human studies do not
choose as outcomes the best-known and
most reliably administered behavioral and
cognitive measures. Idiosyncratic choice of
test procedure seems the norm, and replica-
tion of the same cognitive or behavioral
test by more than one investigator is rare.
A remarkable and much-cited study of
theeffectofEMF (27) exposure oncircadian
rhythm is an example of this experimental
idiosyncrasy. The investigators constructed
two underground chambers, one ofwhich
was lined with material that prevented entry
of the earth's natural electro-magnetic field
into the chamber. Both chambers avoided
any indication of solar time (no windows,
clocks, etc.). With humans living in these
chambers for 3 to 8 weeks at a time, it was
found that the naturally occurring circadian
rhythms were lengthened about 15 minutes
by shielding but shortened about 70 min-
utes when an electric field of2.5 V/m at 10
Hz was applied to the shielded room. These
changes represent less than a 5% change
from the natural 24- to 25-hour cycle and
are not known to carry any clinical signifi-
cance.
This work is considered "probably the
most significant work on the effects ofelec-
tromagnetic fields on circadian rhythms"
(28); yet it is unlikely to be replicated by
other investigators because of the expense
ofthe experimental arrangement, the need
for human volunteers to spend a great deal
oftime in what is surely an unpleasant set-
ting, and the modest effects observed even
under these strenuous conditions.
Stollery (20) examined 76 volunteers
in a cross-over trial. The subjects (all male)
were exposed to a 500-pa current (50 Hz)
via skin electrodes. In the control situa-
tion, no current was passed, but theblindness
ofthe experiment was partly compromised
by the ability of some subjects to perceive
the electric field. No effects were found on
self-reported stress, semantic reasoning,
vigilance, or concentration. Some effects
were found on a subset ofthe vigilance test
(time taken to identify nontarget num-
bers), on arousal, and on some parts ofthe
syntactic reasoning test. However, these
effects were restricted to the second day of
this 2 day experiment and thus were found
onlyin one halfofthe experiments.
Studies by Johansson (29) in Sweden
and byRupilius (30) in Germanyapparently
failed to show neurobehavioral effects of
exposures of 20 kV/m. With exposure to
100 kV/M, Kanz (31), cited in Knave et al.
(32), found subjective reports ofchanges in
hearing and taste and "pains in the nerves."
How the subjects knew that the origin of
their painwas neural is notclear.
Graham and colleagues have performed
several experiments on young, male, human
volunteers exposed to 60-Hz electric and
magnetic fields at a variety offield strengths
(23-25). Among behavioral and cognitive
parameters assessed, mood, simple reaction
time, memory span, fatigue, and decision-
making abilitywere not consistently affected
by the exposure, though some effects were
seen in some exposure conditions, particu-
larlywith a fast, intermittent pattern ofelec-
tric-field exposure. More consistent effects
were noted in slowingoftheheart rate.
Stdies ofOccupationallyExposed
Workers
A wider variety of neurobehavioral out-
comes has been studied in workers exposed
occupationally to EMF. These studies
have assessed reaction time, vigilance,
short-term memory, perception, psychiatric
symptoms, self-reported memory loss, and
manual dexterity. Several of these tests
have been used in more than one study.
EEG findings have been assessed in two
studies. Moreover, a group offour occupa-
tional studies, to be described in detail, ver-
ified the occupational exposure through
measurement ofelectrical and/or magnetic
fields in theworkplace.
Early studies ofelectrical workers in the
Soviet Union have not been considered use-
ful contributions. These studies described
nonspecific symptoms, such as dizziness and
headache, in workers with unmeasured and
uncertain exposure, and the studies failed to
indude controls.
Knave et al. (32) assessed 53 Swedish
men who had worked for more than five
years in high-voltage (400 kV) substations.
An equal-sized control group consisting of
low-voltage (220/380 V) distribution work-
ers was matched individually to the exposed
cohort by location, age, and duration of
employment. No adverse effects of high-
voltage exposurewere found in eightpsycho-
logical performance tests (reaction time, two
memory tests, manual dexterity, addition,
tapping, perceptual speed, and matrices), nor
on EEG examinantions, nor on self-reported
(on astandardized questionnaire) anxious or
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depressive symptoms. In fact, for several
tests, scores were higher for the exposed
group, who had a higher level of educa-
tional achievement than the controls.
Control for educational background in the
analyses was not attempted.
Broadbent et al. (33) interviewed 390
electrical power transmission and distribution
workers and obtained exposure measure-
ments in 287 of them. No correlation was
found between either measured or estimated
EMF exposures and self-reported headaches,
anxiety, obsessional or somatic symptoms,
depression, orepisodes offorgetfulness.
Baroncelli et al. (34) examined four
groups of male employees who worked in
and around the 258 electric power substa-
tions (220 kV) ofthe Italian State Railways.
The four groups were defined by the num-
ber ofhours per week they were estimated
to have been exposed to maximum electric-
field strength. One group, employed in the
same departments as the others, had no
exposure, while the other three groups were
exposed for 1, 10, and 20 hr perweek. No
differences were found among the four
groups in acoustic reaction time, visual
reaction time, IPAT-anxiety state, and
state-trait anxiety.
Gamberale et al. (26) studied 26 lines-
men during 2 working days immediately
before and immediately after performing a
simulated routine inspection on a 400 kV
power line. On one ofthe days the power
line was in operation; on the other, it was
not. The workers worked on the line from
10:00 a.m. to 2:30 p.m. except for a 30-
min lunch break, which was taken in a
trailer placed under the line to insure conti-
nuity of exposure. No differences were
found in the exposure and control condi-
tions in a variety ofself-reported symptoms,
such as wakefulness, stress, concentration,
energy level, headache, and anorexia. No
changes were noted in a variety of tests of
color word vigilance, time to pair symbols
and digits previously presented as pairs,
and number ofpresented digits that could
be remembered. Simple reaction time did
not differ overall between the two condi-
tions, but the improvement from morning
to afternoon testing seen in both condi-
tions (possibly a practice effect) was slightly,
but significantly, less in the exposed condi-
tion, even though both reaction times were
better in the exposure condition. This lat-
ter observation was the only significant dif-
ference among the dozens of behavioral
variables assessed.
Each of these four studies included a
measure of exposure over and above the
worker's job dassification. In three studies,
Knave et al. (32), Broadbent et al. (33),
and Gamberale et al. (26), study subjects
wore an exposure meter during or shortly
before the period ofinvestigation.
Knave et al. (32) measured electric-field
strengths at a height of 1.8 m in the high-
voltage substations using a field intensity
meter but did not provide the findings in
their paper. The study subjects also wore
dosimeters foran unspecified period oftime,
during which the percent of time spent
exposed to four ranges of electric-field
strength (<5, 5-10, 10-15, 15-20 kV/m)
was measured for four different types of
work. It was found that less than 5% of
work time was spent in a field of 10 kV/m
or greater during inspection work, "every-
day" work, and testing, but that revision of
breakers (which involves ascent to the same
level as the breaker, 6-8 m) involved expo-
sure above 10 kV/m for 34% of the time
and above 15 kV/m 16% ofthe time.
Broadbent et al. (33) had their workers
wear a single-channel electrochemical expo-
sure meter strapped to their left arms for
two weeks closely preceding the question-
naire administration. About 10% of the
sample received exposures above 6.6 kV/m.
They concluded that their subjects received
exposures an order of magnitude lower
than those ofKnave et al. (32). Gamberale
et al. (26) used a BE-log dosimeter, which
detects both electric and magnetic fields,
and which was worn during-both the
exposed and control conditions. Average
exposure was 2.8 + 0.35 kV/m, and 23.3 +
4.2 jiT in the exposed condition.
Baroncelli et al. (34) did not obtain
personal dosimetry but measured electric-
field and magnetic-flux density at two sub-
stations (all Italian railway substations
apparently were built to identical specifica-
tions). Electric fields ranged from 1 to 5
kV/m and magnetic fields ranged from 4 to
15 ,T at 1.5 m. Two unpublished Canadian
studies cited byBroadbent (33) failed to find
neurobehavioral effects inworkers.
EpidemiologicStudies ofSuicide
andDepression
Two English studies have assessed, each in
a different way, the distance between the
last known address of 598 suicides and of
598 control subjects (selected randomly
from the electoral register) and overhead
high-voltage transmission lines.
In the first publication (35), exposure
wasassessed based on calculations ofthe max-
imum electric- and magnetic-field strength at
any address using the known configurations
ofvoltage, current, orientation, andotherfac-
tors specific to the nearest high-voltage trans-
mission line. Three relationships are pre-
sented: the proportion ofaddresses in both
series with estimated electric fields exceeding
0.1, 0.5, and 1.0 V/m; the number ofrank-
ordered pairs (based on ranking the case and
control series separatelyon electric-field expo-
sure) in which the value for the suicide
address exceeded the control address; and,
within each ofthe three defined electric-field
thresholds (0.1, 0.5, 1.0V/m), the numberof
suicides and controls fitting into each decile
ofexposure.
The proportion of addresses above the
0.5 and 1.0 V/m threshold is slightly
higher among controls, but no statistical
test or measure of association is presented.
The number ofpairs in which the controls
exceeded the suicide in electric-field expo-
sure was significantly more than the con-
verse condition. Within each exposure
level, a significant difference between the
two groups for exposure is reported, but
inspection ofthe data does not indicate this
is necessarily based on higher exposure
deciles among the suicide victims.
This fairly strong result, indicating sui-
cides were less exposed to electric and mag-
netic fields, is interpreted by the authors as
evidence that a correlation between the two
variables had been established, but that it is
a relationship whose direction (i.e., whether
suicides were less or more exposed to EMF
than controls) is uncertain. They state their
condusion as follows: "It is not possible to
determine whether more or less than the
expected number ofsuicides occurred at the
higherfield-strength addresses" (35).
In a second paper (36), the group mea-
sured magnetic-field strength 0.5 m from the
front door ofall but 12 ofthe 1196 subjects
described in the previous study. The mean
magnetic-field strengthwas 867,uG in thesui-
cides, 709 jiG in the controls, a significant (p
< 0.05) difference, but one that representsjust
one-seventh ofthe pooled standard deviation
ofmore than 1000jiG. Ofthesuicides, 47%
had magnetic-field exposures above the
median as compared to 39% ofcontrols (p <
0.01). The authors provided a calculation
[challenged by Bonnell et al. (37)] indicating
the median magnetic field measured in their
study (400 ,uG) could induce an electric field
inside the human body similar to that found
to affect behavior in monkeys (i.e., 3.5-4.0
V/m). Noteworthy are the authors' condu-
sions that most ofthis magnetic field must
have come from indoor appliances andwiring
and not the high-voltage transmission lines,
whichwere assumed to produce no more than
50jiG intheresidences.
Perry et al. (38) continued the theme
ofthis work in the same region ofEngland
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by measuring magnetic fields at the
addresses of patients discharged from the
hospital with depression and myocardial
infarction. Again, the addresses were com-
pared with addresses of controls obtained
from electoral registers. The only statistical
result presented is the one-sided probability
(0.033) associated with the regression coef-
ficient for suicide case status prediction of
measured magnetic field, controlled for
electoral ward and distance from the near-
est roadway (thought to contribute to noise
and pollution and thus possibly con-
founded with depression). No relationship
was found for myocardial infarction. The
average field strength was considerably higher
than in the previous study, 2.26 ,uG in the
depressivepatients, 2.07gG incontrols.
In an earlier paper, Perry and Pearl
(39) found that residents of an apartment
block nearer to the main electrical supply
cable, and to the corresponding higher
magnetic field, were more likely to be
admitted to the hospital both for depressive
illness and myocardial infarction than resi-
dents of the same block living at a greater
distance from the supply cable.
This series of epidemiologic papers
leaves much to be desired. The influence
of confounding factors that might link
depression or suicide to place of residence
or to use of electrical appliances is not
addressed. Indeed, there is virtually no
exploration of the sociodemographic char-
acteristics of the compared populations.
Suicide victims and patients with depres-
sion are unlikely to be comparable to a ran-
dom sample of individuals who are well
and stable enough to be entered onto the
electoral rolls. Although little work has
been done on the socioeconomic aspects of
power-line and electric-cable siting, it
would not be surprising ifthere were asso-
ciations between, for example, urbanization
and crowding and location of EMF expo-
sure sources. These variables might, in
turn, belinked to depression orsuicide.
More recently, a British study ofsuicide
byoccupational dassification reported essen-
tially no relation with job titles associated
with EMF exposure. A slight excess ofsui-
cide was seen in radio and TV mechanics in
two vital data sets obtained a decade apart,
but this group did not have particularlyhigh
occupational EMF exposure (40).
Implicationsfor Future
Epidemiologic Research
HypothesesWorth Pursuing
At times, epidemiologic research is in a
position to pursue in the population clues
about disease causation that are reflective of
well-established pathophysiological mecha-
nisms. More often, however, having such
variables available is an unattainable lux-
ury. Indeed, in many of the triumphs of
epidemiology, the biological mechanisms
were revealed after, and not before, the epi-
demiologic association had been estab-
lished. This was true for smoking and lung
cancer, prenatal diethylstilbestrol (DES)
and vaginal cancer, aspirin and Reyes syn-
drome, prenatal rubella and cataract,
cholera and water supply, and a host of
other epidemiologic discoveries.
However, in each ofthe examples listed
above, and perhaps in virtually all epidemi-
ologic discoveries, there was a body of
knowledge that made the association bio-
logically plausible. Both cigarette smoke
and DES were known laboratory carcino-
gens (though not known to produce the
specific disease studied by epidemiologists);
aspirin is a liver mitochondrial toxin, and
prenatal viral infections have long been
known to produce fetal damage. A reading
ofJohn Snow's 1854 treatise on cholera
and water supply will show how he adhered
closely to known biological principles and
evidence even though microbes were not
yet known causes of disease. True epi-
demiologic associations do not emerge out
ofthe blue.
Thus, even if the mechanisms of the
disease in question have not been worked
out fully, an important epidemiologic pre-
cept is, or ought to be, that epidemiologic
studies must have a serious biological basis.
Studies that simultaneously examine sui-
cide and ischemic heart disease, such as
those ofPerry et al. (38,39), appear to have
no basis in plausible biology. No labora-
tory experiment points to an effect ofEMF
on a biological mechanism common to sui-
cide and to ischemic heart disease, ifsuch a
mechanism exists.
A particular risk in exposure-based epi-
demiology, such as environmental epidemi-
ology, is that the exposure of interest will
be assessed in relationship to any disease,
symptom, or complaint available for study,
regardless ofbiological plausibility. Under
such circumstances, whether because of
chance or bias, associations surely will be
demonstrated. Biological plausibility is an
important constraint notjust on theinterpre-
tation ofresults buton thedesign ofstudies.
In the field ofneurobehavioral relation-
ships to EMF, there has been considerable
expenditure on laboratory experiments but
a failure to develop a consistent experimen-
tal model that would lend itselfto extrapo-
lation to epidemiologic research. In the
absence ofthis mechanism, what directions
ought to be pursued?
There appear to exist two sets ofbiologi-
cal mechanisms in this area where findings
have been replicated. The first is calcium
efflux across the cell membrane; the second
is in the function ofthat part ofthe nervous
system involved in circadian rhythmicity.
A limitation ofthe calcium efflux model
is that it seems to lend itselfto a large variety
ofdisease states. Pending the prediction ofa
specific neurobehavioral finding based on
this model, even whole animal researchers,
let alone epidemiologists, have nowhere to
turn if they wish to verify this model on
theirstudypopulations.
On the other hand, rhythmicity, both
circadian and seasonal, is a potentially
powerful mediator of psychiatric state in
humans. Psychiatric disorders of rhyth-
micity, such as seasonal-affective disorder
and premenstrual syndrome, are well estab-
lished. There exists, therefore, a plausible
biological basis for linking these disorders,
orsimilar ones, to EMF exposure. In the pre-
sent state oflaboratory-based knowledge, the
hypothesisthatEMF exposuremightbeacon-
tributing cause to depressive illnesses seems
worthyofepidemiologicassessment.
StudiesWorth Undertaking
Although most scientists have a conscious or
unconscious bias in favor ofstudies that pro-
duce positive findings, the most impressive
human studies in the EMF-neurobehavior
field are the careful investigations of cogni-
tive performance in occupationally exposed
men, studies whose results are negative.
Inasmuch as the subjects ofthese stud-
ies had been exposed occupationally for a
considerable period of time, usually years,
and their exposure in typical work situa-
tions had been measured and found to
exceed the general population exposure by
orders of magnitude, the absence of any
real effects on a variety ofcognitive measures
must be viewed as a strong and reassuring
negative result. These studies suggest there
is lirtle or no value to larger scale epidemio-
logic research that attempts to link cognitive
outcomes to EMF exposure.
The strength of these studies indicates
that populations occupationally exposed to
high intensities ofelectric- andmagnetic-field
exposure are likely to be excellent candidates
for studies ofthe incidence or prevalence of
depression in relation to EMF exposure. A
few questionnaire items in several of the
occupational studies [e.g., Broadbent et al.
(33), Knave et al. (32), Gamberale et al.
(26)] assessed mood and similar parameters.
However, standardized instruments for the
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detection of depression were not used, and
none ofthe studies had a large enough sam-
ple to detect elevated levels of clinical
depression. Inasmuch as women are more
liable to depression, at least at younger ages,
it will be important to look carefully for
exposed female populations. To darify the
linkages to the abnormalities ofrhythmicity
observed in the laboratory setting, it will be
necessary to screen especially for seasonal
disorders, and this may require studies that
cover several seasons or that take account of
the menstrual cycle in the assessment of
depressive symptoms.
These studies will be more valuable if
conducted using prospective cohort or
matched-exposure approaches, as contrasted
to the case-control method. Important
information is conveyed by using asampling
of the actual work experience to demon-
strate that the exposures are indeed high
rather than relying on estimates based on
work classification. Case-control studies of
depression in relation to occupational
exposure might be of some value but are
unlikely to have access to measured expo-
sures. Moreover, employees in whom
exposure causes major health effects may
leave the work force and thus be excluded
from case-control studies.
Occupational studies obviate some of
the unresolved issues surrounding residential
EMF exposure. It is surprising that wiring
codes and electrical distribution patterns in
neighborhoods have not been studied socio-
logically. Is it likely that neighborhoods in
the United States, so carefully segregated by
income and class, have identical distribu-
tions of overhead transmission lines, trans-
formers, and electrical substations? One
needs only to think of the expression "the
other side ofthe tracks" to note the possible
association of social class with exposure to
the electricity associated with railroads.
Until we have a better understanding of
these patterns of association, all epidemio-
logic studies based on residential exposure
will remain suspect for confounding, partic-
ularly for neurobehavioral health issues, all
ofwhich are powerfully linked to social class
and economic opportunity.
For this reason, case-control studies of
depression in relation to residential exposure
to EMF do not seem a promising avenue of
research, at least until the above-noted issues
have been addressed. eg
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